Abstract
INTRODUCTION

D
eteriorating fi nancial market conditions in 2008, especially in the second half of the year, affected every sector of the economy. Investors could fi nd little shelter from the storm, as nearly all asset classes had negative total returns.
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As a result, no particular investment vehicle did very well in 2008. Private sector defi ned benefi t pension plan assets fell 28 percent, state and local pension plan assets fell 27 percent, individual retirement account (IRA) assets fell 24 percent and defi ned contribution plan assets fell 22 percent (Brady, Holden, and Short, 2009 ). Prior to 2008, whether or not 401(k) plans had the ability to provide adequate retirement income for workers was a contested public policy issue. The events of 2008 have intensifi ed that debate. Using Monte Carlo simulations, this paper illustrates the effect the market returns of 2008 had on the ability of 401(k) plans to provide retirement
What Does the Market Crash Mean for the Ability of 401(k) Plans to Provide Retirement Income?
income for workers of various ages and with different investment portfolios. This paper builds on the results of Brady (2008 Brady ( , 2009 , which illustrated that (1) moderate 401(k) contribution rates can lead to adequate income replacement rates in retirement for many workers, (2) adequate asset accumulation can be achieved using only a 401(k) plan, and (3) these results do not rely on earning an investment premium on risky assets. Investing in risky assets and staying invested in risky assets rather than annuitizing assets at retirement both increase the expected return of investments but subject the participant to longevity and investment risks. However, because Social Security provides the bulk of retirement income for most individuals and represents a fl oor beneath which retirement income cannot fall, the risk as a percentage of total retirement assets is not as large as would be suggested by examining the 401(k) plan distributions separately.
This paper expands the analysis of these previous studies in two ways. First, it investigates the risks of investing in a Treasury infl ation protected securities (TIPS) portfolio. Second, it examines the effects of market returns experienced in 2008. Market returns experienced in 2008 are modeled as a "shock," with the shock simulated to occur at ages 45, 55, and 65. Alternate simulations assume investments are made in a stylized lifecycle portfolio. In addition, two possible responses to the shocks are examined: working an additional year prior to retirement or contributing more after the shock.
ASSUMPTIONS USED IN THE SIMULATIONS
The representative individuals in the simulations are assumed to be born on January 1, 1966. These individuals are age 40 in 2006, and reach their normal (Social Security) retirement age of 67 in 2033. Earnings paths are constructed that roughly represent median earnings for workers with different levels of education. For a given earnings path, individuals follow an assumed savings path. The simulations presented in this paper focus on single males.
2 Retirement income is assumed to be derived from two sources: Social Security benefits and payments derived from assets accumulated in a 401(k) account. To judge the adequacy of retirement savings, replacement rates are calculated. For these measures it is necessary to estimate taxes paid before and after retirement and to estimate expenses related to owner-occupied housing.
Earnings Paths
The representative earnings paths are anchored at the approximate median earnings of workers age 40 with a high school degree, a bachelor's degree, and a graduate degree. In addition, a fourth earnings path one-third higher than the median graduate degree is calculated. The series are plotted in Figure 1 . The name of each series reflects the individual's education level and income at age 40 in 2006 dollars: (1) HS-35K is a high school graduate earning $35,000, (2) Col-55K is a college graduate earning $55,000, (3) Grad-75K is a worker with a graduate degree earning $75,000, and (4) Scaled Grad-100K is a scaled graduate degree worker earning $100,000.
Social Security Benefi ts
Workers are assumed to work until normal Social Security retirement age, which is 67 years of age in 2033. Parameters for 2 In Brady (2008 Brady ( , 2009 (2006) . Most parameters used in the calculation are indexed to wage growth, using the average wage index (AWI). The SSA's intermediate projection has average real wages growing by a steady 1.1 percent a year after 2015, with nominal wage growth of 3.9 percent and infl ation of 2.8 percent. The initial benefi t is indexed to infl ation in the years after retirement.
Savings
All savings are assumed to accumulate within-and receive the tax treatment of-a 401(k) plan. The contribution rate assumptions are behavior that a priori seemed reasonable to the author and which are roughly consistent with pension plan participation, as documented in Brady and Sigrist (2008) and with employee deferrals and employer contribution rates as reported in Profi t Sharing/401(k) Council of America (2008) .
Savings assumptions are summarized in the top panel of Table 1 . Those with higher earnings contribute a higher percentage of earnings to the 401(k) plan and start contributing at an earlier age. Contributions to 401(k) plans as a percentage of earnings, inclusive of any employer match, range from 6 percent a year for individuals with HS-35K earnings to 10 percent a year for individuals with Scaled Grad-100K earnings. The age at which workers start contributing to a 401(k) plan is 32 years of age for individuals with Grad-75K and Scaled Grad-100K earnings and 42 years of age for workers with HS-35K earnings and Col-55K earnings.
Taxes
Payroll taxes are the sum of two taxes: the Social Security or Old Age, Survivor, and Disability Insurance (OASDI) tax of 6.2 percent of earnings up to the annual For the federal income tax, it is assumed that 2006 tax law applies. That is, current law tax rates are applied in all periods, and the parameters of the tax code that are indexed are adjusted for infl ation (without regard to rounding rules) in periods before and after 2006. Without loss of generality, state income taxes are calculated using the Virginia income tax. Adjusted gross income (AGI) while working is assumed to be equal to earnings less employee 401(k) contributions. In retirement, AGI is set equal to distributions from the 401(k) account plus taxable Social Security benefi ts. 
Owner-Occupied Housing and Mortgage Payments
For homeowners, it is assumed that all individuals and couples: (1) purchase a home at age 35, (2) fi nance 100 percent of the purchase price using a 30-year fi xedrate mortgage charging a 7.0 percent rate of interest, and (3) pay off the mortgage at age 65. 5 The purchase price of the home After-tax income is gross income less federal and state taxes. 1 During the working career, contributions are invested in Treasury infl ation protected securities (TIPS) that pay 2.4 percent real interest. At retirement, all proceeds are used to buy a market-priced infl ation-indexed immediate life annuity. 2 The replacement rate is the survival-weighted average after-tax retirement income as a percent of average net earnings from age 30-66. For renters, net earnings are gross earnings less taxes and employee 401(k) contributions. For homeowners, net earnings are gross earnings less taxes, employee 401(k) contributions, and mortgage payments. For 2006 and prior years, historical earnings base numbers are used; after 2006, the earnings base is assumed to grow in line with the SSA's intermediate projection. The earnings base only affects the calculation of payroll taxes (and benefi ts) for individuals with the Scaled Grad-100K earnings profi le, and even in this case only for a few years. Specifi cally, this earnings path exceeds the earnings base only in the years 2004-2014. 4 In the case of Virginia AGI, 100-percent of Social Security benefi ts are excludable. Forty-one states and the District of Columbia have broad-based personal income taxes. Of these, 26 states and the District of Columbia do not tax Social Security benefi ts (Snell and Waisanen, 2007) . is assumed to vary by earnings path and is set (approximately) equal to the observed median purchase price in the second quarter of 2006, as reported by the National Association of Realtors (2006) , in specifi c geographic regions. In 2006 dollars, the purchase prices are assumed to be $300,000 for the Scaled Grad-100K earnings path (equal to the median purchase price of a home in the Northeast region); $230,000 for the Grad-75K earnings path (median, all of U.S.); $190,000 for the Col-55K earnings path (median, Southern region); and $100,000 for the HS-35K earnings path (median, Buffalo, NY). The real price of the house is assumed to stay constant, with the nominal price increasing at the rate of infl ation.
BASELINE SIMULATION RESULTS
For the baseline case, contributions to a 401(k) are assumed to be invested in a TIPS portfolio. The real rate of return is assumed to be 2.4 percent, which yields a nominal rate of 5.2 percent over most of the projection period.
6 All dollar amounts are expressed in 2006 dollars.
Upon retirement, it is assumed that the entire 401(k) balance is used to purchase an infl ation-indexed immediate life annuity that provides an annual payment until death and adjusts the payment each year to account for changes in the cost of living. The price of the annuity is a market price as opposed to a calculated actuarially fair annuity price. Because the SSA's intermediate projection assumes life expectancy at age 65 will increase 1.9 years for males between 2005-2035, annuity prices in 2033 for a 67 year-old are assumed to be equal to annuity prices in 2006 for a 65 year-old.
Two replacement rates are calculated, one for renters and one for homeowners.
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The replacement rates measure the ratio of potential consumption in retirement to potential consumption prior to retirement. Pre-retirement potential consumption is calculated as average (from age 30-66) real net income. Renters' pre-retirement net income is equal to earnings less taxes and savings. Homeowners' pre-retirement net income is equal to earnings less taxes, savings, and mortgage payments. For both renters and homeowners, net income in retirement is Social Security benefi ts and 401(k) distributions less any taxes, as it is assumed retirees no longer save and homeowners pay off their mortgage prior to retirement. It is likely that, for many individuals and married couples, replacing less than 100 percent of net earnings will provide adequate replacement income in retirement. First, there are work-related expenses that may be eliminated or reduced in retirement. Second, with more leisure time, retirees may substitute home production for market purchases.
9 Third, consumer durables purchased prior to retirement may continue to provide services well into retirement or need to be 6 As of October 30, 2006 the yield on 10-year TIPS was 2.39 percent.
For a more thorough discussion of replacement rate measures, see Brady (2008) . 8 The measure of average income in retirement takes into account survival probabilities, and thus places greater weight on income received in the early years of retirement. For the baseline case, weighting by life expectancy has little effect on the measured replacement rate, as gross income is constant in real dollars. replaced less often in retirement. Fourth, and perhaps most importantly, if workers raised children while working, household expenses presumably would be lower if these individuals or couples are no longer supporting minor children in retirement. 
RISKS OF INVESTING IN A TIPS PORTFOLIO
TIPS are typically considered to be free of both default and infl ation risk. However, TIPS are subject to both long-run and short-run fl uctuations in real interest rates (Campbell, Shiller, and Viceira, 2009 ).
Short-run changes in interest rates are often emphasized as a risk for those approaching retirement. If a retiree is planning on purchasing an annuity at retirement, a substantial change in interest rates prior to purchasing an annuity can lead to a substantial change in the price of an annuity. In particular, if interest rates declined sharply, it would increase the price of a given annuitized income stream; stated differently, a decline in interest rates reduces the amount of annuity income per dollar invested.
However, holding a portfolio of TIPS can hedge this risk. That is, the change in the value of a TIPS portfolio caused by a change in real interest rates will be positively correlated with the price of a real annuity. The effect of short-run fl uctuations in real interest rates on annuity prices can be fully hedged by matching the cash fl ow of the TIPS portfolio to the expected payout of an annuity. It can be partially hedged by holding a portfolio of long-term TIPS. In this way, the short-run risk to the net asset value of a long-term TIPS portfolio posed by changing real interest rates is a "good" risk for those wishing to annuitize at retirement, in that it reduces the variation in retirement income caused by short-term fl uctuations in interest rates.
11
To illustrate the ability of a long-run TIPS portfolio to hedge short-term interest rate risks, changes in the value of a TIPS portfolio due to changes in interest rates are compared to changes in the price of an inflation-indexed real annuity. The TIPS portfolio is modeled as a 10-year infl ation protected bond. The change in the value of the TIPS portfolio assumes that the change in interest rates occurs one year after the issuance of the bond; that is, there are nine years of remaining maturity. The relative value of the TIPS portfolio after the change in yields is calculated as: where π is infl ation, Y t-1 is the real yield on TIPS in period t -1, and Y t is the current real yield on TIPS. The change in the price of the annuity is calculated assuming that the annuity is actuarially fair. That is, the annuity per dollar invested, or A t , is set such that:
66 67 π where t is the age of the individual and Pr(alive) t is the probability that an individual who is alive at age 67 is alive at age t.
The results of the exercise are presented in Table 2 . For example, a drop in the real interest rate from 2.4 percent to 1.5 percent would increase the price of a dollar of real annuity income by 8.6 percent. However, that same drop in real interest rates would increase the value of the TIPS portfolio by 8.1 percent, offsetting 93 percent of the change in the annuity price. The end result is that a drop in interest rates to 1.5 percent would decrease annuity income by only 0.8 percent. Conversely, an increase in interest rates would reduce the value of the TIPS portfolio. However, because the price of a dollar of annuity income would also decline, rising interest rates would have similarly muted effects on retirement income.
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Long-run changes in the risk-free interest rate are not possible to hedge in this way. If a TIPS investor experiences persistently low real yields, there is no way to avoid lower levels of retirement income.
Because TIPS have only been available since 1998, the variability and persistence of real interest rates is diffi cult to judge. The short track record of TIPS is the reason stated in Brady (2009) for not simulating TIPS returns stochastically. As simply an illustrative example, with no representation that it represents a reasonable prediction of future movements in real interest rates, Monte Carlo simulations were run to gauge the sensitivity of the baseline results to changes in real interest rates. Between 1998-2008, on an annual basis, the average yield on a 10-year TIPS portfolio ranged from 4.0 percent in 2000 to 1.7 percent in 2008. In the simulations, a real rate of return is randomly drawn every year from a normal distribution with a mean of 2.7 percent and a standard devia- Figures refl ect the change in the value of a 10-year TIPS with a real rate of return of 2.4 percent and with nine years to maturity caused by a change in real interest rates, assuming infl ation equal to 2.8 percent per year. 2 The calculation assumes that the price of an infl ation-indexed immediate annuity is linked to the yield on a 10-year TIPS. tion of 0.89 percent (the statistics from the 11-year history of TIPS returns). Equation [1] describes how the value of the TIPS portfolio changes with the rate of return. It is assumed that the entire balance of the account is invested in 10-year TIPS. Interest payments are made during the year, new contributions are made, and the redemption value of the bonds increases with infl ation. At the end of the year a new interest rate is realized, the portfolio of one-year-old 10-year TIPS is sold and new 10-year TIPS are purchased. The market price of the annuity is assumed to change proportionately with the price of the actuarially-fair annuity.
For a single simulation of investment returns, random real rates of return are generated for each year of investment until an annuity is purchased at retirement. This process is then repeated 5,000 times to get a range of possible outcomes.
The results of the simulations are presented in Table 3 . For ease in exposition, the simulations presented in Table 1 will be referred to as the "baseline case." The replacement rates for higher earning individuals are more sensitive to the rate of return because 401(k) accumulations fi nance a higher percentage of retirement income. For example, when reviewing the replacement rates of single men with HS-35K earnings, the top decile of simulations have a replacement rate about 4 percentage points higher than the baseline case, and the bottom decile of simulations have a replacement rate about 4 percentage points lower. In contrast, replacement rates for the top deciles of the Scaled Grad-100K simulations increase 9-11 percentage 1 During an individual's working career, contributions are invested in TIPS that pay 2.4 percent real interest. At retirement, all proceeds are used to buy a market-priced infl ation-indexed immediate life annuity. 2 Calculations refl ect the same assumption as baseline case, but the yield on the 10-year TIPS is determined annually by drawing randomly from a distribution of possible yields. 3 The replacement rate is survival-weighted average after-tax retirement income as a percent of average net earnings from age 30-66. For renters, net earnings are gross earnings less taxes and employee 401(k) contributions. For homeowners, net earnings are gross earnings less taxes, employee 401(k) contributions, and mortgage payments.
points (depending on the replacement rate measure used) relative to the baseline case, and replacement rates for the bottom decile of simulations decrease 5-6 percentage points relative to the baseline case.
INVESTMENT IN A STOCK AND BOND PORTFOLIO
This section uses stochastic simulations to illustrate the range of potential outcomes if 401(k) plan contributions are invested in risky assets. Specifi cally, Monte Carlo simulation techniques are used assuming that, in any given year, investment returns are a random draw from all possible investment returns. Assets are assumed to be invested in a portfolio that is one-half large corporate stocks and one-half corporate bonds, with the portfolio rebalanced annually.
Data on investment returns for large company stocks and corporate bonds from 1926-2007 were taken from Morningstar (2009) . Investments are assumed to be in mutual funds, with mutual fund expenses plus transaction costs equal to 120 basis points for stock funds and 70 basis points for bond funds. 13 Real historical returns are calculated as nominal returns in a given year less inflation experienced that year. Over the 1926-2007 period, the geometric mean real annual return for a portfolio with 50 percent large company stocks and 50 percent corporate bonds was 4.4 percent, the arithmetic mean real annual return was 5.2 percent, and the standard deviation of annual returns was 12.8 percent.
For a single simulation of investment returns, random real rates of return are generated for each year over an 81-year period corresponding to the time period over which a simulated individual is aged 20 to 100. Nominal returns are calculated as the sum of real returns plus infl ation. Inflation is either historical inflation (before 2006) or as projected in the SSA's intermediate projection (2006 and after) . This process is then repeated 5,000 times to get a range of possible outcomes.
Beginning at age 67, annual distributions are taken from the account based on remaining life expectancy. Conditional on survival to age t, withdrawals from the account are equal to:
where W t is the withdrawal from the investment account at time t, A t-1 is the account balance at age t -1 (i.e., Dec 31 of the previous year), and L t is the life expectancy conditional on surviving to age t.
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13 In 2005, the average 401(k) participant incurred an asset-weighted stock mutual fund fee of 76 basis points in total expenses and an asset-weighted bond mutual fund fee of 58 basis points (Holden and Hadley, 2006) . These averages were increased to 120 basis points and 70 basis points, respectively, to account for both direct and indirect fund-portfolio trading expenses. Direct trading expenses include payments to brokers, as either direct fees or bid and ask spreads. Indirect trading expenses include the reduced price that a stock gets if large blocks of the stock are sold at a single time (for example, to meet cash fl ow needs due to share redemptions); see Edelen (1999) for a discussion of these costs. Intermediation costs are not restricted to mutual funds. Because of transaction costs and the costs of other investment services, no investor earns the pure market rate of return. 14 This is essentially the formula used by the IRS to determine the required minimum distribution (RMD) from IRAs and 401(k) plans (which must begin in the year after the benefi ciary attains age 70.5). Specifi cally, the balance as of January 1 determines the RMD for that year, and the distribution must be made by December 31. The t subscripts in the formula represent end-of-year measures, so the withdrawal is based on t -1 account balances (assumed to also be equal to the balance on January 1) and withdrawals take place at time t, that is, December 31 of year t. 15 Life expectancy is taken from 2003 mortality statistics reported by the National Center for Health Statistics in Arias (2006) .
To rank and evaluate payout streams, this paper borrows a measure of present discounted value (PDV) of withdrawals used by Dus, Maurer, and Mitchell (2005) is the withdrawal from the investment account at age t, Pr(alive) t is the probability that an individual who is alive at age 67 is alive at age t, and r* is the risk-free rate of return (which equals 5.2 percent-the sum of the real rate of return of 2.4 percent and the infl ation rate of 2.8 percent).
To calculate income in retirement, an individual retirement payout stream is added to Social Security benefi ts and taxes are deducted. In one set of simulations, the payout stream is determined assuming that 401(k) assets are invested in a portfolio that is 50 percent large company stocks and 50 percent corporate bonds (hereafter, referred to as the "50/50 portfolio"), the plan is rebalanced annually, and individual's take systematic withdrawals from the account during retirement.
To give an idea of the shape of the payment streams, for single males with Col-55K earnings, Figure 2 plots net retirement income conditional on survival for the baseline case and for the top, middle, and bottom deciles of simulations, ranked by the present discounted value (PDV) of withdrawals, for the 50/50 portfolio. The area between the top and bottom decile lines represents an approximate 90 percent confi dence area for possible results from the 50/50 portfolio. The average net income for the middle decile of simulations is higher than the baseline case until age 91, when the likelihood of survival is 16 percent. This higher median return comes with both longevity and market risk. However, Social Security benefits reduce the overall risk to net retirement income because it provides a fl oor beneath which net income cannot fall. If the individual survives to age 100, then net income in the middle decile of simulations is 85 percent of the baseline case. Variable market returns can lead to either higher or lower net income. Average net income for the top decile of investment account simulations is 128 percent of the baseline case at age 67, rises to 176 percent at age 81, and does not fall below the baseline case until age 98, when the chance of survival is 2 percent. Average net income for the bottom decile of simulations is 95 percent of the baseline case at age 67 and falls to 77 percent by age 100.
Although the net after-tax retirement income streams of males with other levels of lifetime earnings are not shown, the results are similar. As lifetime earnings increase, the main difference relative to the baseline case is that, as a percent of net income, both the rewards and the risks of the investment account are increased. This is because, as lifetime earnings increase, Social Security benefi ts become a smaller portion of income and distributions from 401(k) accounts become a larger portion of income. Longevity risk increases with lifetime earnings. Average after-tax income for the middle decile of simulations at age 100 as a percent of the baseline case declines from 85 percent for HS-35K workers to 69 percent for Scaled Grad-100K workers. Similarly, investment return risk increases with lifetime earnings. Table 4 summarizes after-tax retirement income by calculating a survival-weighted average after-tax income. The range between the average after-tax income produced by the top and bottom deciles of simulations increases with lifetime earnings from 44 percent of the net income of the middle decile for HS-35K workers to 118 percent of the net income of the middle decile for Scaled Grad-100K workers.
SIMULATING 2008 MARKET RETURNS
To gauge the effect that market returns such as those experienced in 2008 would have on after-tax retirement income, three simulations are run to "shock" investment returns for individual workers of ages 45, 55, and 65. In 2008, the total return on large cap stocks was -37.0 percent (S&P 500 Total Return Index) and the total return on corporate bonds was -5.7 percent (Citigroup Broad Investment Grade Bond Index). 16 Taking into account fees, transaction costs, and infl ation of 0.1 percent, the real rates of return on stocks and bonds after expenses were -38.3 percent and -6.5 percent, respectively. This would imply total returns of -22.4 percent for the 50/50 portfolio. In all 5,000 simulations, total returns at the age of the shock are set equal to -22.4 percent. For all other periods, returns are randomly drawn from a distribution of historical returns from 1926-2007. There is no assumption that there will be reversion to the mean in returns after the shock or any recovery in stock prices. Figure 3 shows the effect of these shocks on the after-tax retirement income of a single male with Col-55K earnings and a 50/50 portfolio. If the shock occurs when the individual is age 45, there is little effect on retirement income. This individual is assumed to begin saving for retirement at age 42, and thus has little accumulated wealth by age 45. For the middle decile of simulations, account balances at retirement are 5.9 percent lower than they otherwise would be. Because Social Security makes up a large portion of retirement income, this translates into an average decline in after-tax income of 1.7 percent, or $661 a year. Declines are higher for the top decile of simulations (on average 3.7 percent of net income) and lower for the bottom decile of simulations (on average 0.6 percent of net income).
If the shocks occur at later ages, the effects are much larger. At age 55, the middle decile of simulations imply that, on average, account balances at retirement are 16.5 percent lower. This translates into a drop in after-tax income of 5.1 percent, or about $2,025 annually. If the shock occurs at age 65, the middle decile of simulations imply that account balances at retirement are 25.9 percent lower. This translates into a decline in after-tax income of 7.6 percent, or about $3,000 annually.
Although the income streams in retirement are not shown for other levels of lifetime earnings, the pattern of income changes by age are similar. Table 5 summarizes the effect of market shocks on all earnings levels in terms of changes in account balances at retirement and in terms of changes in average after-tax income. For example, because they also begin saving at age 42, a worker with HS-35K earnings that experiences the shock at age 65 would have the same percentage drop in their account balance at retirement for the middle decile of simulations (25.9 percent). However, because their account distributions make up a smaller portion of income, they experience a smaller decline in after-tax income (6.0 percent compared to 7.6 percent). For the middle decile of simulations, single males with Grad-75K earnings and Scaled Grad-100K earnings who experience a shock at age 65 have declines in account balances at retirement of 24.1 percent. For Grad-75K retirees, this translates into a decline in after-tax income of 11.8 percent, or about $6,625 annually. For Scaled Grad-100K workers, this translates into a decline in after-tax income of 13.3 percent, or about $9,450 annually. Again, in all cases, the decline in the top decile of simulations is much greater than the decline for the bottom decile of simulations.
Asset Allocation and Market Shocks
In addition to the simulations using a 50/50 portfolio, simulations were run using a stylized lifecycle or target-date portfolio (hereafter, "lifecycle portfolio"). This fund was assumed to be 70 percent in corporate equities and 30 percent in corporate bonds at ages 40 and younger, and to be 30 percent in corporate equities and 70 percent in corporate bonds at ages 70 and older. In between ages 40-70, the portfolio changes ratably. The bottom panel of Table 4 presents results from the simulation showing survival-weighted average after-tax income for all levels of earnings. Figure 4 compares the payouts from a 50/50 portfolio and the lifecycle portfolio for males with Col-55K earnings in the case where there are no shocks. At age 67 there is little difference in payouts between the two investment strategies. This is because both the 50/50 portfolio and the lifecycle portfolio have approximately the same exposure to equities during the investment period prior to retirement. For a given time path of equity and bond returns, a lifecycle fund could return higher or lower returns than a static balanced fund with the same average equity exposure. However, over many random simulations, the range in outcomes will depend more on the average equity exposure than on the timing of that exposure. After age 67, payouts from the lifecycle fund tend to be below those of the 50/50 portfolio. This is because, during the period after retirement, the lifecycle portfolio has less exposure to equities.
A portfolio that becomes more conservative over time is not designed to maximize returns over a 40-or 80-year time horizon, but to manage when the investor is exposed to risk. 17 This type of portfolio may be appropriate for many individuals.
18 A lifecycle portfolio has a larger share of higher risk assets when an investor is young because it is assumed that younger workers have relatively few fi nancial assets and typically have a long working career ahead of them. A negative investment return produces less of an effect on wealth in absolute terms and the individual has more years to adjust work or consumption to compensate for the change in wealth. As the investor ages, the portfolio reduces the share of higher risk assets because the investor's fi nancial assets are growing in value and the investor has fewer working years prior to retirement. A negative investment return later in life produces more of an effect on wealth in absolute terms and the individual has fewer years to adjust work or consumption patterns to compensate for the change in wealth.
The essential feature of a lifecycle portfolio strategy is that it has a "glide path" that reduces the share of the portfolio in higher risk assets over time. The exact shape and level of the glide path will depend on judgments regarding the trade-off between risk and reward. Ex ante, a lifecycle portfolio that averages 50 percent exposure to equities over a given investment horizon-such as a glide path that changes from 70-30 percent equity during the investment period-will produce about the same range of expected outcomes as a portfolio that maintains a constant 50 percent equity exposure. Similarly, a lifecycle portfolio that reduced its equity allocation from 80 percent to 40 percent over an investment horizon would produce approximately the same range of expected outcomes as a portfolio that maintained a constant 60 percent equity exposure; a lifecycle portfolio that reduced its equity exposure from 60 percent to 20 percent over an investment horizon would produce approximately the same range of expected outcomes as a portfolio that maintained a constant 40 percent equity exposure. However, in all of these examples, the lifecycle portfolio would have less exposure to equities at the end of the investment period.
At age 45, a lifecycle portfolio would have more exposure to equities than would a 50/50 portfolio, and a lifecycle portfolio would experience a decline of 26.6 percent in the year of the shock rather than a decline of 22.1 percent. At age 55, the lifecycle portfolio has the same asset allocation as the 50/50 portfolio, and would experience the same investment return shock. At age 65, the lifecycle fund has less exposure and would experience a decline of 18.2 percent in the year of the shock rather than a decline of 22.1 percent. Figure 5 illustrates the effect of market shocks on the after-tax retirement income of a single male with Col-55K earnings and a lifecycle portfolio. For the lifecycle portfolio, percentage declines in after-tax income due to the shocks at age 45 and age 55 are roughly the same as for the 50/50 portfolio. For those experiencing a shock at age 65, the middle decile of simulations has a decline in after-tax income of 5.4 percent compared to a decline of 7.6 percent for the 50/50 portfolio. Table 6 summarizes the effect of shocks on lifecycle portfolios for all earnings levels. For single males with HS-35K earnings, a shock at age 65 leads to a decline of 4.4 percent (middle decile) in average after-tax income for individuals with a lifecycle portfolio, compared to a decline of 6.0 percent for individuals with the 50/50 portfolio. For single males with Scaled Grad-100K earnings, a shock at age 65 leads to a decline of 10.5 percent (middle decile) in average after-tax income for individuals with a lifecycle portfolio, compared to a decline 13.3 percent for individuals with the 50/50 portfolio.
REACTING TO MARKET SHOCKS
If rational investors voluntarily take on investment risk, that decision indicates they would prefer to adjust planned future behavior in response to the uncertain outcome of the risky investment to earning a lower average rate of return and not having to adjust planned future behavior. In the case of a shock to investment income, individuals can react to the shock by deciding to work more than they had planned or by consuming less than they had planned. Reduced consumption prior to retirement implies that they would increase savings. This section simulates two reactions to the shocks. The fi rst reaction is that workers work one more year before they retire. The second reaction is to keep the age of retirement fi xed, but to save an additional one percent of salary in the years following the shock. Selected results for workers with Col-55K are presented in Table 7 and Table 8 .
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Working one more year has two effects. The primary effect is that Social Security benefi ts are increased. Between the ages of 62-70, each month that receipt of benefi ts is delayed increases the benefi t by 0.54 percent, or 6.7 percent per year. A secondary effect is that the additional year of contributions and investment returns will, on average, increase account balances in the 401(k) account.
For HS-35K workers and Col-55K workers, another year of work typically will offset the effects of the investment shock. For example, for a single male with Col-55K earnings, a shock at age 45 reduces after-tax income for the middle decile of simulations by 1.7 percent for the 50/50 portfolio and by 1.5 percent for the lifecycle portfolio. Relative to the case without a shock, working one more year more in response to the shock will actually increase after-tax income by 4.6 percent in the case of the 50/50 portfolio and by 5.0 percent in the case of the lifecycle portfolio. As shown in Table 7 , for this same individual, a shock at age 65 reduces after-tax income for the middle decile of simulations with the 50/50 portfolio by 7.6 percent. Relative to the case without a shock, working one more year in response to the shock leaves after-tax income down 1.0 percent. For the middle decile of simulations with the lifecycle portfolio, working one more year changes a reduction of 5.4 percent in after-tax income to an increase of 1.2 percent.
Because income from 401(k) balances is a larger portion of retirement income for Grad-75K and Scaled Grad-100K workers, another year of work will not offset the effect of the shock in all cases. For example, for a single male with Scaled Grad-100K earnings and a 50/50 portfolio, experiencing the investment shock at age 65 reduces after-tax income for the middle decile of simulations by 13.3 percent. Relative to the scenario without the shock, working one more year results in income that is 6.7 percent lower. For the middle decile of simulations with the lifecycle portfolio, working one more year changes a reduction of 10.5 percent in after-tax income to a reduction of 3.8 percent.
Not surprisingly, contributing more after the shock is more effective if the shock occurs at age 45 than at later ages. As shown in Table 8 , contributing one percentage point more of salary more than offsets the effects of a shock at age 45 for Col-55K earners. This is not the case for Grad-75K and Scaled Grad-100K workers. There are two reasons for this. First, these individuals begin contributing at age 32, so they lose more when the shock hits. In addition, they contribute a higher percentage of their salary, so a 1 percentage point increase in contributions is a smaller percentage increase in contributions compared to the lower earnings groups. For example, a Scaled Grad-100K earner invested in a 50/50 portfolio would offset about one-third of the effects of the age 45 shock by contributing more; if invested in a lifecycle portfolio more contributions would offset about 30 percent of the shock.
CONCLUSION
Deteriorating fi nancial market conditions in 2008 affected every sector of the economy and made 2008 a bad year for most investors. These events have focused attention on 401(k) plans. This paper investigates the effects of the market crash of 2008 on 401(k) plans by simulating how the market "shock" would affect 401(k) plan participants of various ages, earnings levels, and portfolios. This study attempts to put the effect of the shock on 401(k) plan balances into the context of other household resources. In particular, this study translates the change in 401(k) balances into changes in after-tax incomes in retirement.
Because Social Security is an important component of retirement income for most retirees, focusing solely on 401(k) balances can overstate the effect of the market crash. For example, in the middle decile of simulations, an individual with HS-35K earnings invested in a stylized lifecycle portfolio and who experienced a shock at age 65 would have had an account balance at retirement that was 20 percent lower than expected. This 20 percent decline would translate into a 4.4 percent decline in average after-tax income in retirement. If the individual responded to the shock by working an additional year, after-tax income in retirement would be 2.6 percent higher than if no shock had occurred.
All else equal, higher earners will be more exposed to 401(k) risks because they will rely more heavily on income generated by their 401(k) plans. For example, in the middle decile of simulations, an individual with Scaled Grad-100K earnings invested in the stylized lifecycle portfolio who experienced a shock at age 65 would have had an account balance at retirement that was 22 percent lower than expected. This 22 percent decline would translate into a 10.5 percent decline in average after-tax income in retirement. If the individual responded to the shock by working an additional year, after-tax income in retirement would be 3.8 percent lower than if no shock had occurred.
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